Intrauterine contraceptive devices (IUD) have been a form of birth control for many hundreds of years. Just as their composition and architectures have changed, so have their sonographic appearances and clinical implications. With the emergence of volume imaging brings the ability to consistently evaluate the uterus in the coronal plane, which brings an entirely different diagnostic perspective and thought process for the evaluation of an IUD. This article provides three examples of how volume imaging is extending the sonographic evaluation of patients with IUDs.
there are two types of widely used intrauterine contraceptives: the copper Paraguard and the hormonal Mirena 7 (Figure 3 ). Sonography has been the initial imaging modality of choice for the evaluation of these devices, as it brings cost-effectiveness, a relatively noninvasiveness or ease of examination, and a lack of harmful side effects. 3, 8, 9 As the prevalence of patients with IUDs continues to increase, so does the importance of a sonographer's awareness for their imaging implications. Typically, sonography determines the correct or incorrect placement of the device within the uterus and indirectly helps in establishing its functionality by determining an intrauterine or extrauterine pregnancy. Marked improvement in resolution and the emergence of volume imaging allow diagnostic medical sonography to assess more than simply its location. Sonographic examinations using volume imaging now evaluate correct IUD deployment and the relational positioning of its components that have not been appreciated previously.
The purpose of this article is to demonstrate the value of volume scanning in addition to the traditional 2D findings. Volume scanning provides incremental benefits in the following situations:
1. The coexistence of an intrauterine pregnancy and an IUD in a bicornuate uterus 2. Demonstrating all components of the IUD to be located within the endometrial canal 3. Assessing for correct or incorrect string placement.
All cases were performed using the GE Logiq 9 EV, RIC 5-to 9-MHz probe (GE Healthcare, Milwakee, Wisconsin), with an ARDMS credentialed sonographer having five or more years of scanning experience conducting the examinations. The 2D images and volume data sets were captured on each patient. 
Intrauterine Pregnancy and an IUD in a Bicornuate Uterus
A woman in her early 30s, gravida 2, presented with a positive pregnancy test and known IUD placed three years prior. After the IUD placement, she had not had a regular period for two years and four months. The intrauterine contraceptive device this patient used works by releasing small amounts of a hormone into the uterus. The functionality of this IUD aims to prevent pregnancy using a threefold approach: to block sperm from reaching or fertilizing the egg, to thin the lining of the endometrial canal, and to stop the release of the egg from the ovary. The examination disclosed a bicornuate uterus with the IUD noted to be well positioned within the right horn and a gestational sac present in the left horn ( Figure 4 ).
When a patient with a known IUD tests positive for a pregnancy, the sonographer should be prepared to visualize an ectopic pregnancy. 3 If the IUD is working correctly, it functions to inhibit implantation within the endometrial canal, leaving the possibility of an extrauterine pregnancy more likely. The risk of ectopic pregnancy to a woman using an IUD is lower than the risk of ectopic pregnancy to a woman using no form of birth control. However, pregnancies that occur during IUD use have a higher than expected percentage (3%-4%) of an ectopic location. 10 A second scenario includes the coexistence of an intrauterine pregnancy and an intrauterine contraceptive device. Often, these patients have a malpositioned IUD, which makes for an easier implantation process for the trophoblast. A third possibility is the existence of a properly placed IUD in one horn of a bicornuate uterus along with a normal viable pregnancy in the other horn. Figure 4 was obtained in the coronal plane, which is often difficult to impossible to capture without volume imaging, making the diagnosis more presumptive rather than definitive. Clearly, this uterus is bicornuate, allowing for the safe removal of the IUD, with little consequence to the pregnancy in the other horn. In this case, volume imaging was clearly able to display the bicornuate uterus demonstrating both uterine endometrial canals and their contents to their fullest extent. This finding affects future birth control methods for this patient, as she is probably not a good candidate for an IUD.
Evaluation of All IUD Components to Be Located Within the Endometrial Canal
A woman in her mid-20s presented with a chief symptom of lower abdominal pain. Her history included an IUD placement four months prior, a negative pregnancy test, and no evidence of a palpable mass on physical examination. She reported that her symptom of continuous pain began approximately two weeks after placement of her current IUD. Sonography revealed an IUD located within the endometrial canal. However, upon further inspection and using the coronal and transverse planes of the uterus, this study also revealed that the lateral extensions of the IUD were outside the endometrial canal, extending into the myometrium (Figures 5 and 6) .
Volume imaging allows one to display the malposition of an IUD. Traditionally, sonography has proven to be a reliable imaging tool in diagnosing malposition when the tip of the IUD is not present in the fundus of the uterus and is located in the mid to lower uterus or even the cervix. Volume imaging more readily visualizes the correct or incorrect location of the contraceptive device as well as its incorrect or correct deployment. This advancement in sonographic imaging allows for a more thorough diagnostic evaluation, as information regarding the crossbar and its potential of being located in the myometrium or the endometrium is now appreciated and reproduced reliably with volume imaging.
Clinically, patients with malposition typically present with pelvic pain consistent with an onset shortly after the insertion of the IUD. Sonographically, malposition can be confirmed when the crossbars are low in the uterus or when they extend in an anteroposterior direction, as opposed to their correct lie in the transverse plane through the fundus of the uterus (Figure 7 demonstrates normal IUD position and deployment). 3 When scanning patients with IUDs, one must assess the extension of the echogenic portion of the IUD in the endometrial canal and to verify that no expansion of the IUD is located within the myometrium. When present, the extension of the IUD into the myometrium is often captured in only one orthogonal imaging plane with 2D scanning. However, volume imaging puts forth the conceptual ease of viewing multiple imaging planes simultaneously, allowing for more confidence in the finding. This diagnostic finding may be clinically significant for the explanation of unexplained pelvic pain.
Assessing for String Placement
A woman in her late 20s was referred to establish the location of an IUD placed two years prior. She was asymptomatic and had a negative pregnancy test, but her clinician was unable to locate the IUD string that typically protrudes through the cervix after insertion into the uterus. Sonographic imaging revealed an IUD located centrally within the endometrial canal and included its crossbars to be located within the endometrial canal. The string, which should course from the most inferior aspect of the IUD and down through the cervical canal, appeared to loop itself around one time before exiting the internal os (Figure 8 ). This sonographic finding was conclusive for the clinical findings of a shortened or missing string, thus avoiding the removal of a normal IUD.
The visualization and reporting of the string location are now routinely noted with volume imaging, a finding that was difficult to report with 2D sonography. Correct placement of an IUD is in the fundus of the uterus, with the tail string extending down through the internal and external os of the cervix (Figure 9 ). Sonography frequently is used to locate the IUD in the uterus when the string of the IUD cannot be located during a manual pelvic examination. The concern lies in the possibility of a malposition, a perforation, or just a broken string. Two-dimensional imaging relies on secondary findings of the IUD's location to draw conclusions. By locating the IUD centrally within the endometrial canal, one can assume there is no perforation or malposition and that the string is merely broken. However, volume imaging provides the location of the actual string itself, allowing for a more concise answer to the clinical question.
Not only can sonography now display and add information on the position and deployment of the IUD, but it can also identify the location of the string or, in some cases in which it has broken off, the absence of a string.
Conclusion
Sonography continues to play a crucial role in the evaluation of intrauterine contraceptive devices by having the ability to assess their location, translocation, and coexistence with pregnancy. The emergence of volume imaging brings with it new findings, concepts, and abilities that the diagnostic medical sonographer can embrace and continue to explore. A thorough understanding of intrauterine contraceptive devices and how they function, as well as an understanding of diagnostic imaging parameters to evaluate the IUD thoroughly, will help the sonographer/ sonologist properly assess and confirm the correct diagnosis with high reliability.
